Appellate opinions were evaluated on variables related to expert admissibility to assess the effects of Daubert v. Merrell Dow Pharmaceuticals, Inc. in criminal cases. Analysis reveals changes in appellate courts' consideration of Frye v. United States, the 4 Daubert criteria, and several Federal Rules of Evidence. The importance of Frye and the general acceptance criterion decreased over time, and the importance of the Daubert criteria increased over time. However, these changes were not consistent for all types of testimony. Overall, there is greater reliance on Daubert when determining the admissibility of a scientific expert. However, only criteria related to the Federal Rules of Evidence are reliably related to admissibility decisions. Details of appellate court application of the 4 Daubert criteria, the Federal Rules of Evidence, and other related factors are discussed.
changes in admissibility standards have made expert testimony admissibility an important field of study. Since 1923, the predominant standard for evaluating expert testimony was derived from the opinion in Frye v. United States. In Frye, the D.C. Circuit stated that for scientific evidence to be admissible the method used "must be sufficiently established to have gained general acceptance in the particular field in which it belongs" (p. 1014).
In 1976, the Federal Rules of Evidence were adopted. Article VII of the Rules governs the admissibility of expert and opinion testimony. During the period in which the cases in this study were decided, Rule 702 stated that "[i]f scientific, technical, or other specialized knowledge will assist the trier of fact to understand the evidence or to determine a fact in issue, a witness qualified as an expert by knowledge, skill, experience, training, or education, may testify thereto in the form of an opinion or otherwise" (Mueller & Kirkpatrick, 1999) . The Advisory Committee's Note to Rule 702 stated that the rule is phrased broadly to include a wide variety of witnesses and types of testimony such that "within the scope of the rule are not only experts in the strictest sense of the word, e.g. physicians, physicists, and architects, but also the large group sometimes called 'skilled' witnesses, such as bankers or landowners testifying to land values" (Mueller & Kirkpatrick, 1999) . The Note also suggests that, within the requirements of Rule 702, assistance provided to the trier of fact is of paramount importance to admissibility. The adoption of these Rules did not specifically preclude the use of the Frye standard to evaluate expert testimony.
In 1993, the Supreme Court opinion in Daubert v. Merrell Dow Pharmaceuticals, Inc. modified the standard for the admissibility of expert testimony in federal courts. Some commentators had noted that the Frye standard was too inflexible. New science and new technology were developing at a rapid rate, and it was taking time for these advances to be accepted by the relevant community. Therefore, the general acceptance standard was suggesting the exclusion of some novel evidence even though it may have been reliable (Saks, 1998) . On the other hand, the Rules provided for a more liberal admission of expert testimony. The Daubert Court determined that the Rules superceded the general acceptance test established in Frye as the standard for determining expert testimony admissibility because there was no indication that the Rules were intended to incorporate the Frye test. The Court also reasoned that the Frye test was a rigid, "austere standard" that "would be at odds with the 'liberal thrust' of the Federal Rules" (Daubert, 1993, p. 588) , and that the main focus of a court's admission decision should be the requirements set forth in Rule 702. When evaluating scientific knowledge, the reliability of the scientific methods must be assessed. The Daubert opinion reemphasized the trial judge's duty to evaluate the quality of the evidence presented, including the underlying quality of the science presented via expert testimony (Daubert, 1993) . The Daubert Court was lauded for this aspect of its opinion by those who argued that the Rule should require an assessment of evidentiary reliability in the context of expert testimony (Slobogin, 1998) . Rule 702 was later amended to require an assessment of reliability, consistent with Daubert and its supporters.
The main focus of the Daubert opinion was to encourage courts to evaluate scientific evidence based on the methodology used and not the conclusions derived by the researcher (Daubert, 1993) . However, most judges are not trained in scientific methodology. To assist judges who lack scientific training in their "gatekeeping" task of evaluating the reliability of scientific evidence, the Court created a nonexclusive list of factors to be considered. First, judges may consider whether the knowledge "can be (and has been) tested" or is falsifiable. Second, "whether the theory or technique has been subjected to peer review or publication" can be considered as a means of assessing the validity of the methodology. Third, the known or potential error rate of the technique should be considered. Fourth, although no longer a necessary precondition for admission, general acceptance may also be used by judges as a criterion (Daubert, 1993) . These four factors were designed to assist judges in evaluating scientific and complex expert evidence. The Court reasoned that this type of evaluation, in conjunction with Rule 702, would provide a more flexible standard than that derived from Frye.
The Daubert decision and its potential effects on the general admissibility of expert testimony created an explosion of discussion in both legal and scientific communities. There was little agreement concerning the likely future effects of the Daubert decision, and several questions were raised. Some scholars argued that there would be no dramatic effects on admissibility as a result of the modified standard (Friedman, 1994) . Others predicted that the courts would continue to utilize the familiar standard set forth in Frye while labeling the analysis as "Daubertesque" (Allen, 1994; Gottesman, 1994; Mack, 1994) . Some scholars argued that by excluding "junk science" more effectively, admission rates would decrease (Black, Ayala, & Saffran-Brinks, 1994) . Others argued that the effects of the Daubert opinion on admissibility would depend on the type of testimony offered (Faigman, Porter, & Saks, 1994) . For example, "soft" sciences, such as psychology, might be admitted less frequently after Daubert, but "hard" sciences, such as chemistry, might not be affected (Kobayashi, 1995) .
Although the Court attempted to provide guidance to judges on evaluating scientific reliability, the practical applicability of the guidelines established in Daubert has been questioned (Harvard Law Review, 1995) . It has been argued that judges may have difficulties applying the four Daubert criteria because of their general unfamiliarity with scientific theories and methods (Faigman, 1995) . Recent research has shown that judges may be unable to understand and apply these criteria appropriately (Gatowski et al., 2001) . The use of court-appointed experts under Rule 706 has been suggested as a potential aid to judges in this regard (Cecil & Willging, 1994) . Others have argued that judges are able to perform the gatekeeping function on scientific evidence, that they are actually performing it, and that they are taking the duty seriously (Clark, 1996) .
Another important issue with regard to the admissibility of expert evidence in appellate courts was the standard under which trial court decisions would be reviewed. The standard of review has the potential to affect admissibility because it determines what appellate judges can consider in their decisions and the amount of deference given to the trial court. For several years following the Daubert decision, appellate courts were using different standards of review in their decision making about admissibility. Prior to General Electric Co. v. Joiner (1997) , legal scholars argued that different levels of review should be applied to the decision to admit expert testimony depending on the issue raised. For instance, a de novo standard should be used to review aspects of expert testimony which have broad ramifications for subsequent cases, including scientific theory and
procedures. An abuse of discretion standard should be used to review other aspects relating to the specific case in question (Faigman, 1995 (Faigman, , 1997 . In General Electric Co. v. Joiner (1997) , the Supreme Court determined that abuse of discretion was the appropriate standard of review to be applied to all expert testimony issues.
Although Daubert concerned a civil matter, its ruling extends to criminal as well as civil cases. The influence of Daubert on the admissibility of expert testimony in criminal cases is especially important because of the significance of a potentially unfavorable outcome for the defendant. In a criminal case, the outcome of the decision to admit or exclude expert testimony could affect the defendant's freedom, liberty, and life. The expert evidence proffered can range from testimony about complex procedures such as DNA testing to common events such as the observations of a police officer. Much expert evidence in criminal cases, such as testimony about fingerprint identification, has been offered and accepted in courts for many years in countless cases. Because this evidence is not novel to criminal courts, its reliability may not be reexamined under Daubert. Prosecution experts are frequently employees of the state and are crucial to the adjudication of criminals. As such, they could be perceived as inherently reliable. This could result in differential treatment of these experts in the criminal system. Determining the effects of Daubert on criminal cases could prove especially important given the recent Supreme Court decision in Kumho Tire Co., Ltd. v. Carmichael (1999) . Kumho determined that Daubert can be applied to nonscientific testimony, such as technical and specialized testimony. Some commentators argue that Kumho could exert its greatest influence on criminal cases because much of the expert evidence proffered in these cases is specialized in nature (Rovella, 1999) . Therefore, it is particularly important to determine the impact of Daubert in these cases.
Our investigation of Daubert (and continuing investigation of Kumho) attempts to shed some light on these issues. In the present study, we address the questions raised by Daubert as they pertain to criminal cases. Are judges in appellate courts discussing Daubert or paying attention to the decision's suggestions? When they discuss admissibility, what is the content of that discussion? How influential are Frye, Daubert, and the Rules? Are they applied similarly to all types of expert testimony? Finally, how has the admissibility of expert testimony been affected by the Daubert decision?
Method
In our efforts to determine the actual effects of the Daubert decision, we studied appellate court opinions concerning expert testimony. Appellate court decisions were selected because of their potential to demonstrate trends in judicial decision making about expert testimony. Decisions involving expert testimony were located with the Westlaw database using the search term "admiss! 5 expert & witness," which garnered the most relevant cases. Searches were limited to those cases decided within the 5 1 ⁄2 years prior to Daubert (decision issued on June 28, 1993) and those decided within the 5 1 ⁄2 years following Daubert, totaling 11 years of appellate court opinions. Cases that were included in the study contained substantive discussion of expert testimony admissibility. Cases that were excluded dealt with issues other than admissibility, (e.g., procedural errors and ineffective assistance of counsel). All of the federal cases were evaluated and coded if they met the selection criteria. Because many more state cases than federal cases were identified (over 2,000), an equivalent number of state cases were randomly selected for evaluation and coding.
Once a case was selected for evaluation, it was coded for content by one of three independent raters.
1 If a case contained substantive admissibility discussion of more than one expert, then each expert was coded separately. All of the coders were graduate students in both psychology and law, who had taken at least 1 year of classes in law school, including evidence law. Cases were randomly assigned to raters and were coded in a random order. The total number of experts coded was 1,184, drawn from both civil and criminal appellate cases. There were 693 criminal appellate cases. The 491 experts discussed in civil appellate cases are not included in the analysis reported in this article.
The coding scheme consisted of over 100 variables relating to the admissibility of expert testimony, only some of which are reported here. The categories of variables used in these analyses included information about the case in general, the expert, the admission decision, and courts' use of Frye, Daubert, and selected Federal Rules. General information about the case was recorded to provide information about the types of criminal cases that are appealed based on issues related to expert testimony. General case information included jurisdiction (federal or state), the state in which the decision was rendered (when the decision was from a state jurisdiction), the type of case (criminal or civil), descriptions of the parties involved, the type of counsel retained by the parties, and when the case was decided relative to Daubert (number of months prior to or post-Daubert).
Because Daubert focused on expert testimony issues, the characteristics of the experts in appellate cases are of interest, such as the qualifications of the experts proffered. Coded information about the expert included the domain of the expert's testimony, the number of experts testifying for each of the parties, the party for whom the key expert testified, and the basis for the expert's knowledge (i.e., theory, body of research, case specific research, experience, education, and case specific experience). Some of the more intense post-Daubert controversy centered around rates of admission. Coded information about the admission decision included the trial court admission decision and the appellate court admission decision. Because of its potential to affect appellate admissibility, we recorded the standard of review and when the case was decided with respect to Joiner.
Among the most interesting effects of the Daubert decision are the potential decrease in courts' use of Frye and the application of Daubert and the four Daubert criteria. Additionally, courts' use of various Rules is of interest because of their potential importance in the admission decision, as mentioned in the Daubert opinion. They could have procedural influence, could become more important after Daubert, or could be applied differently to various types of testimony. Courts' use and evaluation of Frye, Daubert, and the Rules was recorded in three ways. First, the length of the discussion in words devoted to several variables was recorded as a measure of the attention paid to these concepts by the courts. Second, although it is interesting to note how much attention is focused on different factors relevant to admissibility, the more interesting question is how these factors affect the admission decision. The influence on the admission decision of several potential judgment criteria was recorded. Ratings of influence were determined by the rater and were recorded on a 9-point Likert-type scale, with 0 indicating that the variable was never mentioned, 1 indicating that it was not influential, and 9 indicating that it was highly influential. Third, courts' determinations of whether the testimony "met" or "did not meet" several potential judgment criteria were recorded. One of these factors could have a rating of influence on the decision and not have been mentioned as a criterion that was specifically met or not met.
On the foregoing variables, each of the four Daubert criteria and the Daubert-related concepts were evaluated separately. These included Frye, falsifiability, peer review, error rate, general acceptance and reliability. The general acceptance standard was evaluated separately from the discussion of the Frye opinion because it was also one of the four specified Daubert criteria. Courts could discuss the Frye standard in general, perhaps discussing its use in the past or how it was overruled in Daubert without applying the general acceptance standard to the testimony in question. Reliability also was recorded separately from the four Daubert criteria themselves, even though the criteria were intended to indicate reliability, because it is possible that courts could make judgments about this more general concept without making reference to any of the four Daubert criteria. The Rules evaluated included Rule 104 (judge can determine preliminary questions, such as admissibility), 403 (exclude prejudicial evidence), and 702 (expert testimony may be admitted if it assists the trier of fact, the expert is qualified, and the knowledge is scientific, technical, or specialized). Potential judgment criteria drawn from the Rules that were evaluated included relevance, expert qualifications, assisting the trier of fact, and prejudicial impact.
Results

Description of the Cases
Of the 693 criminal cases examined, 372 were from federal appellate courts, and 321 were from state appellate courts. Analyses of these data are described in terms of the timing of the case (before vs. after the Daubert decision) and in terms of the type of testimony presented. Because federal courts are bound by the Daubert decision, the actual date of the Court's decision was used to divide the federal cases in the sample into cases decided either before or after Daubert. State courts were not required to adopt the Daubert decision as their standard for the admissibility of expert testimony. Some state courts chose to adopt Daubert, whereas others kept Frye as their standard or developed their own standard. Those states that did adopt Daubert did so at different times (Faigman, Kaye, Saks, & Sanders, 1997) . To distinguish between cases decided before versus after Daubert among the state cases in the sample, the date that each state adopted Daubert was used. If a state did not adopt Daubert, all cases from that state were considered to be before Daubert. Using these distinctions, 458 (66.1%) of the criminal decisions were rendered before Daubert, and 235 (33.9%) were rendered after Daubert. To assess more detailed trends in the data, the cases decided after Daubert were subdivided into three groups: cases decided 1-22 months after Daubert (n ϭ 100, 14.5%), cases decided 23-44 months after Daubert (n ϭ 92, 13.3%), and cases decided 45-66 months after Daubert (n ϭ 42, 6.1%). Only results that demonstrated significant differences across these three post-Daubert time periods are described.
Not surprisingly, the vast majority of appellants in criminal cases consisted of private parties (n ϭ 675, 97.4%), and the mean number of appellants was 1.45 (SD ϭ 1.33), indicating that appeals regarding expert testimony are most often initiated by single defendants. The vast majority of respondents in the criminal appellate cases were representatives of the government (n ϭ 674, 97.3%), and the mean number of respondents was 1.01 (SD ϭ 0.14), indicating that the prosecution is often the appellee. The expert who was the focus of the appeal most often testified for the prosecution (n ϭ 510, 76.1%), but appeals focusing on an expert proffered by the defendant-appellant were also frequent (n ϭ 160, 23.9%).
The total number of experts involved in the case on behalf of the appellant was most often 0 (n ϭ 456, 66%), further indicating that the appeal focused on a prosecution expert who had testified. In 179 (25.9%) cases, there was one expert testifying on behalf of the defendant-appellant, and more than one expert testified for the defendant-appellant in 56 cases (8.1%). The maximum number of experts testifying for defendant-appellants was 5. In contrast, there were 431 cases (62.3%) in which there was one expert testifying for the prosecution-respondent, and only 135 cases (19.5%) in which no expert testified for the prosecutionrespondent. The maximum number of experts testifying on behalf of a prosecution-respondent was 8 and there were 126 cases (18.2%) in which more than one expert testified on behalf of the prosecution-respondent.
Domains of Expert Testimony
To determine whether the type of testimony presented affected admissibility, the specific domain of the testifying expert was recorded. Over 70 categories of expert domains were organized into four "types" of testimony: medical-mental health, technical-engineering experts, scientific experts, and business experts. Of all the types of experts who testified in the criminal cases on appeal, technical experts testified most often, followed by medical-mental health experts, scientific experts, and business experts. The most prevalent topic of testimony concerned police procedures, which was placed in the "technical" category. This type of testimony typically concerned officers' observations of drug dealing activities and the procedures used by the police in apprehending this type of perpetrator. Table  1 presents the topics of testimony comprising each of the four general categories and their frequencies.
Rates of Admission and the Appellate Standard of Review
One of the main concerns raised about the Daubert decision was its potential effect on the admissibility of expert testimony. Trial court and appellate court admission decisions were recorded. It is noteworthy to recall that these rates of admission are only for cases that were appealed, not for all cases in which an expert was presented in a trial court. Of the cases that were appealed, 74.3% (n ϭ 513) of the experts were admitted at the trial court level. At the criminal appellate court level for those cases, 69.1% (n ϭ 465) of the experts were admitted. We computed chi squares to determine the patterns of relationship between (a) admissibility and timing and (b) admissibility and type of testimony at the trial and appellate court levels. Contrary to the predictions of most commentators, the basic rates of admission at the trial and the appellate court levels did not change significantly after Daubert in criminal cases on appeal. There were also no significant changes in admission rates across the three postDaubert time periods at either adjudicative level. However, different rates of admission at the trial court, 2 (3, N ϭ 669) ϭ 59.58, p Ͻ .001, and the appellate court, 2 (3, N ϭ 652) ϭ 52.33, p Ͻ .001, levels occurred depending on the type of testimony presented. At both the trial court and appellate court levels, technical testimony was admitted at a higher-than-average rate. Medical-mental health, scientific, and business testimony were all admitted at a lower-than-average rate. Within each type of testimony, there were no significant changes in admission over time at either the trial or the appellate court levels. Admission rates at the trial and appellate levels before and after Daubert are presented in Table 2 .
One explanation for the lack of any changes in the observed rates of admission before versus after Daubert is that admissibility depends on the party offering the testimony. The party for whom the key expert testified was significantly related to admission at both the trial court,
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(1, N ϭ 686) ϭ 512.70, p Ͻ .001, and the appellate court levels,
(1, N ϭ 670) ϭ 251.79, p Ͻ .001. At both adjudicative levels, experts proffered by the prosecution were more likely to be admitted than experts proffered by defendants. At the trial court level, prosecution experts were admitted 95.8% (n ϭ 497) of the time, and defendant-appellant experts were admitted only 7.8% (n ϭ 13) of the total number of times they were offered. This pattern was slightly less pronounced at the appellate level, with prosecution experts admitted 85.1% (n ϭ 434) of the time and defense experts admitted 18.8% (n ϭ 30) of the total number of times they were offered. This indicates the reversal of some trial court decisions by the appellate court. Appellate courts do not simply affirm trial court judgments regarding expert testimony.
Another potential explanation for the stability of admission decisions before and after Daubert is the type of counsel retained. Of particular interest in criminal cases is whether an individual, private party appellant retains a private attorney or is assigned a public defender. Popular perceptions of public defenders may be that (2, N ϭ 673) ϭ 0.63, p ϭ .729. Therefore, the type of counsel retained by the parties does not explain expert admissibility at the appellate level. This finding also may indicate that, insofar as the admissibility of expert testimony is concerned, popular fears about inferior representation delivered by public defenders are unfounded.
The standard of review used by appellate courts in reviewing the trial court admission decisions may also account for the lack of changes in the appellate rates of admission. Nine separate standards of review were recorded. The standard of review was significantly related to appellate admissibility, 2 (7, N ϭ 636) ϭ 21.11, p ϭ .004. When plain error was the standard, admission of experts occurred at a higher than average rate. In 93.2% (n ϭ 55) of the cases in which plain error was the standard, the evidence was admitted. A somewhat different relationship was observed when abuse of discretion was the standard of review. The testimony was admitted in the majority of the cases in which abuse of discretion was the standard (n ϭ 319, 65.6%), but abuse of discretion was most likely to be the standard of review when the testimony was excluded. Of the excluded experts, 84.8% (n ϭ 167) were reviewed under an abuse of discretion standard. Plain error and abuse of discretion were evenly split between cases decided before and after Daubert, and the remaining standards of review were not related to admissibility. Therefore, it is unlikely that the standard of review fully explains the observed admission rates pre-and post-Daubert.
In General Electric Co. v. Joiner (1997) , the Supreme Court determined that an abuse of discretion is the appropriate appellate standard of review to be applied to expert testimony admissibility. Using the date of the Joiner decision to distinguish between before and after Joiner, 646 criminal cases (93.2%) were decided before Joiner, and 47 criminal cases (6.8%) were decided after Joiner. Surprisingly, no significant shift toward an abuse of discretion as the standard of review was observed after Joiner, but some trends deserve mention. Before Joiner, 75% (n ϭ 455) of the appellate courts used abuse of discretion as the standard of review, in addition to the 6 other standards. After Joiner, 87.2% (n ϭ 41) of the appellate courts used abuse of discretion as their standard of review, and the major change was that only two other standards were used. Plain error accounted for half of the remaining post-Joiner cases (n ϭ 3, 6.4%), indicating procedural problems such as improperly preserving the issue for appeal. Manifest error (substantially similar to abuse of discretion) accounted for the remaining cases (n ϭ 3, 6.4%). Whether or not the case was decided before or after Joiner was not significantly related to admissibility at the appellate level,
(1, N ϭ 673) ϭ 1.29, p ϭ .256. Therefore, it is unlikely that Joiner's change in the appellate standard of review for expert testimony explains the lack of change in the observed appellate rates of admission before and after Daubert.
Discussion Devoted to Potential Judgment Criteria
Several measures of appellate court judges' decision making about expert testimony were recorded. One of these measures was the length of discussion (in number of words) devoted to several potential judgment criteria, including some relevant Rules, Frye, and the four Daubert criteria. Both general discussion of these criteria and discussion specifically applying the criteria to the facts of the case were included in this measure. Results of this measure are presented as the mean number of words devoted to the discussion of the selected criteria. For simplicity, the mean length of discussion devoted to a criterion is hereinafter referred to as length of discussion of that criterion. These measures are intended to provide some objective information about the amount of attention paid by appellate court judges to different decision factors. Although these measures indicate the amount of discussion devoted to these factors, they do not provide information about the content of that discussion, nor do they provide information about the influence of these criteria on admissibility. The content of the discussion and the influence of the selected judgment criteria are addressed by variables discussed in subsequent sections.
We computed an analysis of variance (ANOVA) to determine mean differences in the length of discussion of the criteria by comparing several conditions: before versus after Daubert, differences across the four types of testimony, and the interaction between timing and testimony type. We performed post hoc tests using Fisher's least significant difference. ANOVAs testing the differences across the four more refined time periods (before, 1-22 months after, 23-44 months after, and 45-66 months after Daubert) are only reported where those results were significant. To further uncover the effects of Daubert, we also conducted ANOVAs comparing the Daubert-adopting jurisdictions (state and federal) to the nonadopting states on all of the measures. Differences between these jurisdictions after Daubert indicate potential effects of Daubert on judicial decision making, but only the statistically significant differences are described.
When computing the mean length of discussion devoted to the potential judgment criteria, all cases in the database were included. A large percentage of the cases never mention the criterion for which the discussion was measured. We chose to include in the analysis those cases containing no discussion in order to provide a measure of the attention paid to each criterion overall, not just the attention paid to them when they were discussed. We retained the data in their natural and more interpretable metric rather than using a transformation that renders the data incomparable across variables. Although this results in an attenuation of statistical power, given the large sample sizes with which we are working (and the fact that we included the entire population of federal cases), we opted for interpretability over transformation.
The length of discussion of expert admissibility in general in criminal appellate court cases comprised 22% of the length of the total opinion. The length of the portion of the opinion that discussed admissibility did not change significantly over time. However, the discussion of expert testimony issues was significantly longer in cases involving scientific and medical/mental health experts than in cases involving technical and business experts, F(3, 667) ϭ 6.67, p Ͻ .001. This overall length of expert discussion provides a baseline against which to compare the length of discussion of different criteria within the portion of the opinions dealing with expert testimony. These data are presented in Table 3 for comparison with the discussion of the selected criteria.
Discussion of the Federal Rules of Evidence
Because they provide the standards for admissibility and because the Daubert Court emphasized their import, the Rules have the potential to exert a significant impact on the admissibility of expert testimony. The Rules selected for evaluation cover topics such as pretrial determinations of admissibility, qualifications, helpfulness, and prejudicial impact. The overall means, significant changes across time, and significant differences among testimony type for each of the Rules discussed below are presented in Table 3 .
The Daubert Court highlighted the importance of trial judges' roles as the gatekeepers of scientific evidence. Rule 104(a) states that "[p]reliminary questions concerning the qualification of a person to be a witness . . . or the admissibility of evidence shall be determined by the court" (Mueller & Kirkpatrick, 1999) . Judges can make a preliminary assessment of the quality of the testimony when determining its admissibility before to its presentation to the trier of fact. Increased discussion of these preliminary determinations under Rule 104 could indicate an increase in judicial gatekeeping.
Rule 104 was discussed less often compared with the other selected Federal Rules, with a mean length of discussion of 3.54 words (SD ϭ 28.16; means are presented in Table 3 ). The length of discussion of Rule 104 increased significantly after Daubert, F(1, 690) ϭ 8.29, p ϭ .004. However, the increase in the discussion of Rule 104 did not immediately follow the Daubert decision. There was no significant increase in the discussion of Rule 104 during the first 22 months after Daubert. Discussion of Rule 104 increased significantly during the Table 3 Mean Number (and Standard Deviation) 23-44-month period after Daubert but decreased after that, F(3, 688) ϭ 5.71, p ϭ .001. Means for the differences in the amount of discussion across these time periods are presented in Table 4 . The discussion of Rule 104 was significantly more extensive in cases using scientific experts than in cases using any other type of expert (means are presented in Table 3 ), F(3, 667) ϭ 3.69, p ϭ .012. However, there was no significant interaction between the timing of the case and the type of the testimony on this measure. Courts were instructed in Daubert to rely heavily on the evidentiary rules requirements in their admission decisions. Rule 702 should be an important factor in cases dealing with expert testimony because it is the Rule that most directly governs the admissibility of expert opinion testimony in federal courts and because most states have adopted a similar standard. Consistent with this instruction, the results indicate that more attention is paid to Rule 702 than to all other evaluated judgment criteria, including Daubert and Frye (means are presented in Table 3 ). The length of discussion of Rule 702 was 246.31 words (SD ϭ 474.21), and the length of discussion of Rule 702 increased significantly after Daubert, F(1, 688) ϭ 12.28, p Ͻ .001. That increase did not occur immediately, but the discussion increased during the 23-44-month period after Daubert and remained at this increased length thereafter, F(3, 686) ϭ 6.25, p Ͻ .001. Means for the length of discussion devoted to Rule 702 across these time periods are presented in Table 4 . This pattern of mean differences indicates that Daubert had some influence on the length of discussion of Rule 702. Further evidence of this influence emerged in a comparison of Daubert-adopting jurisdictions and nonadopting jurisdictions after Daubert. Significantly more lengthy discussion of Rule 702 occurred in adopting (M ϭ 333.63, SD ϭ 556.53) than in nonadopting jurisdictions after Daubert (M ϭ 171.80, SD ϭ 369.57), F(1, 342) ϭ 7.88, p ϭ .005. However, the length of discussion of Rule 702 was equivalent across all types of testimony (means are presented in Table 3 ), and there was no significant interaction between the timing of the case and the type of testimony in relation to the length of discussion of Rule 702. Expert testimony which would be found admissible may be excluded on the basis that it is more prejudicial than probative. Under Rule 403, testimony from an expert can be excluded "if its probative value is substantially outweighed by the danger of unfair prejudice, confusion of the issues, or misleading the jury" (Mueller & Kirkpatrick, 1999) . The Daubert Court recognized the potential use of Rule 403 in expert testimony admission decisions (Daubert, 1993) . Even though it was mentioned in Daubert, the length of discussion of Rule 403 did not significantly change after Daubert (means are presented in Table 3 ). However, the discussion of Rule 403 was significantly longer in cases with scientific and technical experts than in cases with either medical/mental health or business experts, F(3, 667) ϭ 3.85, p ϭ .010. There was no significant interaction between the timing of the case or the type of testimony presented and the length of discussion of Rule 403.
Frye and Daubert
Daubert signaled trial judges to refrain from using Frye as an admissibility standard in federal courts and in several state courts. Even though the general acceptance standard was incorporated into Daubert, it is possible that judges continued to rely explicitly on Frye outside of the context of the four Daubert criteria. Analyses were conducted to assess whether courts persisted in applying the Frye standard and, if there was a decrease in this application, whether courts supplanted it by reference to the four Daubert criteria. Additional analyses examined the length of courts' discussion of Daubert. The mean length of discussion, significant changes across time, and significant differences across types of testimony are discussed below for Frye, Daubert, and the four Daubert criteria (means are presented in Table 3 ).
The length of discussion of Frye was 97.62 words (SD ϭ 507.51). The length of this discussion significantly decreased after Daubert (means are presented in Table 3 ), F(1, 690) ϭ 7.82, p ϭ .005. Discussion of Frye was significantly more abbreviated in Daubert-adopting jurisdictions (M ϭ 22.50, SD ϭ 135.33) than in nonadopting jurisdictions after Daubert (M ϭ 292.88, SD ϭ 994.75), F(1, 342) ϭ 16.68, p Ͻ .001. The discussion of Frye was significantly longer for scientific experts than for all other types of experts (means are presented in Table 3 ), F(3, 667) ϭ 6.71, p Ͻ .001. There was no significant interaction between the timing of the case and the type of testimony presented as they related to the length of discussion of Frye.
The length of discussion of Daubert, including the cases in state courts which did not adopt Daubert, was 97.87 words (SD ϭ 472.81). Because state courts that did not adopt Daubert were classified as "before Daubert," the mean number of words devoted to Daubert before the Daubert decision did not equal zero. These cases discussed the Daubert decision in general but did not apply Daubert to the admission decision. Not surprisingly, there was a significant increase in the length of discussion of Daubert after Daubert (means are presented in Table 3 ), F(1, 690) ϭ 23.30, p Ͻ .001. The length of discussion of Daubert increased immediately after Daubert (in the first 22 months), and it increased again significantly during the 23-44-month period after Daubert, remaining steady after that time. Although the discussion of Daubert during the 45-66-month period postDaubert was significantly longer than pre-Daubert discussions, it was not significantly longer than discussions in the period just before that (means for these time periods are presented in Table 4 ), F(3, 688) ϭ 9.75, p Ͻ .001. Significantly longer discussions of Daubert were observed in cases with scientific experts than in cases with any other type of expert (means are presented in Table 3 ), F(3, 667) ϭ 8.25, p Ͻ .001. The interaction between the timing of the case and the type of testimony as they related to the length of discussion of Daubert was significant, F(3, 663) ϭ 10.54, p Ͻ .001. On this variable, the increase was disproportionately large with respect to scientific testimony (means increased significantly from 69.91 to 603.48 words after Daubert) and medical/mental health testimony (mean increased significantly from 8.34 to 194.08 words after Daubert) as compared with technical and business testimony.
Given the importance of the Daubert decision and the attention paid to it, a dramatic increase in the courts' attention to the four Daubert criteria would be expected. Therefore, the most mysterious impact of the Daubert decision is the lack of discussion devoted to the four Daubert criteria themselves. Although there was a significant increase in the length of discussion of Daubert in general, there was not a significant increase over time in the length of discussion devoted to the first three Daubert criteria of falsifiability, peer review, and error rate (means are presented in Table 3 ). However, consistent with the reduction in the use of Frye over time, there was a significant decrease in the length of discussion of general acceptance, F(1, 691) ϭ 9.84, p ϭ .002, even though it is also one of the four Daubert criteria. Also consistent with the length of discussion of Frye, the length of discussion of general acceptance was significantly shorter in Daubert-adopting jurisdictions (M ϭ 11.77, SD ϭ 44.17) than in nonadopting jurisdictions after Daubert (M ϭ 88.72, SD ϭ 314.91), F(1, 342) ϭ 13.50, p Ͻ .001.
Differences in the length of discussion of the four Daubert criteria were also observed across the types of testimony. The length of discussion about the two criteria of falsifiability and peer review was equivalent across types of testimony. However, the discussion of the other two criteria of error rate, F(3, 668) ϭ 3.82, p ϭ .010, and general acceptance, F(3, 668) ϭ 11.43, p Ͻ .001, was significantly longer for cases involving scientific experts than for those involving all other types of experts (means are presented in Table 3 ). There was a significant interaction between the timing of the case and the type of expert in relation to the length of discussion of general acceptance, F(3, 664) ϭ 4.55, p ϭ .004. On this variable, the decrease was disproportionately large with respect to scientific testimony (mean decreased significantly from 257.64 to 33.88 words after Daubert) as compared with all other types of testimony.
Influence of the Judgment Criteria on the Admissibility of Expert Testimony in Criminal Cases
Judgment criteria that may impact on the admissibility of expert testimony in criminal cases were further evaluated for their influence on the admission decision. These criteria were drawn from the language in the Daubert decision and from the Rules. These variables included Frye; the four Daubert criteria (falsifiability, peer review, error rate, and general acceptance); other variables derived from the Daubert decision (general reliability); and selected requirements regarding expert evidence derived from the Rules (relevance, expert qualifications, assisting the trier of fact, and prejudicial impact). For each of these criteria, a rating of its influence on the decision was made. This rating was on a 10-point scale, where 0 indicated that the criterion was not mentioned, 1 indicated that it was mentioned but was not at all influential, and 9 indicated that it was mentioned and was very influential.
The criteria with the highest ratings of influence were derived from the Federal Rules of Evidence, namely assisting the trier of fact, expert qualifications, relevance of the testimony, and potential for prejudicial impact (means are presented in Table 5 ). These and general reliability of the expert evidence were the only criteria for which the mean importance ratings exceeded 1.0. However, there were significant changes over time in the influence of many of the criteria on the admission decision, regardless of how low that influence was rated overall. ANOVAs were conducted on the ratings of influence of the criteria to determine whether there were significant changes over time (before vs. after Daubert), significant differences across the four types of testimony, and interactions between the timing and type of testimony. Additional ANOVAs were computed examining differences across the three postDaubert time periods and between the Daubert-adopting and nonadopting jurisdictions. Only test results that were statistically significant are described.
Several effects on the influence of the Frye standard were observed. First, as suggested by the Daubert decision, the importance of Frye significantly decreased after Daubert (means are presented in Table 5 ), F(1, 690) ϭ 11.60, p ϭ .001. However, this decrease in importance was only observed during the period 23-44 months after Daubert (M ϭ 0.11, SD ϭ 0.56). In all other time periods, the influence was rated as equivalent: before (M ϭ 0.67, SD ϭ 2.11); 1-22 months after (M ϭ 0.30, SD ϭ 0.97); and 45-66 months after (M ϭ 0.23, SD ϭ 0.90), F(3, 688) ϭ 3.54, p ϭ .014. These results provide some indication that Daubert exerted an impact on courts' use of Frye. Additionally, Frye was significantly more influential in nonadopting (M ϭ 1.03, SD ϭ 2.48) than in adopting jurisdictions (M ϭ 0.19, SD ϭ 0.76) after Daubert, F(1, 342) ϭ 22.21, p Ͻ .001. This further indicates that Daubert influenced courts' use of Frye because Frye obviously remained influential in those jurisdictions not adopting Daubert but its influence decreased in adopting jurisdictions. Consistent with the discussion of Frye, the importance rating of Frye was affected by the type of testimony. The Frye standard was rated as significantly more important for scientific testimony than for all other types of testimony (means are presented in Table 5 ), F(3, 667) ϭ 44.23, p Ͻ .001. There was a significant interaction between the timing of the case and the type of testimony in relation to the importance of Frye. Notably, the decrease in the importance of the Frye standard was significantly larger for scientific experts (mean decreased significantly from 1.86 to 0.54 after Daubert) than for all other types of experts, F(3, 663) ϭ 3.27, p ϭ .021.
With regard to the four Daubert criteria, there was a decrease in influence for general acceptance, F(1, 691) ϭ 6.39, p ϭ .012, and an increase in influence for falsifiability, F(1, 691) ϭ 7.96, p ϭ .005; peer review, F(1, 691) ϭ 10.55, p ϭ .001; and error rate, F(1, 691) ϭ 10.33, p ϭ .001 (means are presented in Table  5 ). Further evidence of Daubert's effects on the judgment criteria is provided by evident differences between adopting and nonadopting jurisdictions. For example, general acceptance was rated as more important in nonadopting jurisdictions after Daubert (M ϭ 1.14, SD ϭ 2.48) than in adopting jurisdictions (M ϭ 0.66, SD ϭ 1.88), F(1, 342) ϭ 3.90, p ϭ .049. The opposite effect was observed for peer Table 5 Means (and Standard Deviations) Table 5 ). The influence of the criterion of relevance, F(1, 690) ϭ 4.02, p ϭ .045, decreased after Daubert, whereas the influence of the potentially prejudicial impact of the expert evidence, F(1, 691) ϭ 6.93, p ϭ .009, increased after Daubert. Further evidence of Daubert's impact on prejudicial impact is reflected in a comparison of influence ratings of this criterion in adopting and nonadopting jurisdictions. Consideration of the potentially prejudicial impact was more influential in adopting (M ϭ 3.45, SD ϭ 3.61) than in nonadopting jurisdictions after Daubert (M ϭ 2.50, SD ϭ 3.50), F(1, 342) ϭ 5.16, p ϭ .024. Neither the influence of general reliability, expert qualifications, nor the requirement that the testimony assist the trier of fact changed significantly as a function of time.
Significant differences in the influence of the judgment criteria were related to the type of expert testimony proffered (means are presented in Table 5 ). Ratings of influence on the criteria of falsifiability, F(3, 668) ϭ 9.43, p Ͻ .001, peer review, F(3, 668) ϭ 8.99, p Ͻ .001, error rate, F(3, 668) ϭ 12.95, p Ͻ .001, general acceptance, F(3, 668) ϭ 23.89, p Ͻ .001, and general reliability, F(3, 668) ϭ 22.07, p Ͻ .001, were significantly higher for scientific testimony than for all other types of expert testimony. Ratings of the importance of the criteria such as prejudicial impact, F(3, 668) ϭ 4.44, p ϭ .004, and the qualifications of the expert, F(3, 668) ϭ 3.21, p ϭ .023, were significantly higher for technical testimony than for all other types of expert testimony. Assistance provided to the trier of fact was rated as significantly less influential for the admissibility of scientific testimony than it was regarding all other types of testimony, F(3, 667) ϭ 5.25, p ϭ .001. The influence of the relevance of the expert evidence did not change significantly as a function of the type of testimony presented.
In addition, there were significant interactions between the timing of the case and the type of testimony offered for the ratings of influence of falsifiability, peer review, and error rate on the admission decision. For each of these variables, the increase in importance was disproportionately large with respect to scientific testimony versus all other types of testimony. The mean importance rating of falsifiability for scientific experts increased significantly from 0.13 to 0.84 after Daubert, F(3, 664) ϭ 8.91, p Ͻ .001. The mean importance rating of peer review for scientific experts increased significantly from 0.40 to 1.32 after Daubert, F(3, 664) ϭ 4.17, p ϭ .006. The mean importance rating of error rate for scientific experts increased significantly from 0.30 to 1.16 after Daubert, F(3, 664) ϭ 6.21, p Ͻ .001. There were no significant interactions between the timing of the case and the type of testimony on any other judgment criteria.
Expert Knowledge and Qualifications
Although the influence of expert qualifications in general did not change significantly because of Daubert, it is possible that Daubert affected courts' evaluations of expert qualifications. Ninety-eight percent (n ϭ 671) of the experts derived some of their expertise from experience, and 74.8% (n ϭ 513) derived some expertise from case specific experience. Education was the next most frequently cited source of expert knowledge (n ϭ 424, 62%). Experts also derived expert knowledge from a body of research (n ϭ 117, 17.1%), case specific research (n ϭ 89, 13%), and theory (n ϭ 35, 5.1%). Many experts gained expertise from more than one or all of these sources.
The importance of these potential sources of expertise was rated as they related to the qualifications of the expert. ANOVAs were conducted on the importance ratings of the knowledge sources to determine if there were significant changes over time (before and after Daubert), significant differences across the four types of testimony, and interactions between the timing and type of testimony. Overall, knowledge gained by experience was rated as the most important source of expertise, closely followed by knowledge gained by case specific experience and by education (see Table 6 ). Knowledge gained by experience was significantly more important for technical testimony than for all other types of testimony, F(3, 662) ϭ 13.93, p Ͻ .001. The relationship was reversed with respect to knowledge gained by education; formal education was significantly less important for technical testimony than for all other types of testimony, F(3, 661) ϭ 256.46, p Ͻ .001. Case specific experience was equally important for all types of expert evidence. Knowledge gained by theory, F(3, 663) ϭ 6.68, p Ͻ .001, a body of research, F(3, 663) ϭ 41.73, p Ͻ .001, or case specific research, F(3, 664) ϭ 57.20, p Ͻ .001, were all rated as relatively unimportant to the expert's qualifications. Although relatively unimportant, each of these sources of knowledge had the highest importance rating in scientific testimony. However, only the rating of importance of knowledge derived from a body of research changed significantly over time. Completely contrary to the thrust of the Daubert opinion, this source of knowledge was rated as less important after Daubert, F(1, 684) ϭ 11.42, p ϭ .001. There were no significant interactions between the timing of the opinion and the type of testimony proffered on any of the measures relating to the sources of expertise, except again for expertise derived from a body of research, F(3, 659) ϭ 5.63, p ϭ .001. On this variable, the decrease in importance was disproportionately large with respect to scientific testimony (mean decreased significantly from 3.06 to 1.19 after Daubert) as compared with all other types of expert testimony.
These results are perplexing. Daubert seemed to suggest that an expert's methods, not only his or her credentials, should be evaluated. However, the most important ratings on sources of expertise were the experience and education of the proffered expert. Sources of knowledge which indicate methodological reliability were rated as less important, although they were more influential for scientific experts. Perhaps the most perplexing of these results is the disproportionate decrease in the importance of research as a source of expertise for scientific experts. This is exactly the type of knowledge (and the type of expert) at which the Daubert criteria are targeted. This finding indicates that judges may be influenced more by credentials rather than by the reliability of the methodology used. Unfortunately, it also indicates that judges may be unable to determine what factors are important in assessing scientific reliability, particularly when research is the basis for an expert opinion. 
Predicting Admissibility With Courts' Evaluations of the Judgment Criteria
To provide some insight into the manner in which appellate court judges apply the criteria to expert evidence in making admissibility decisions, we coded courts' applications of each of the potential judgment criteria to the proffered testimony. Whether the court specifically stated that a judgment criterion was met or not met by an expert's testimony was recorded, in addition to the rating of influence for each judgment criterion. Courts' statements that these criteria were or were not met were generally consistent with the ratings of the importance of those criteria to the admission decision. For example, the criteria representing the requirements of the Rules were the most frequently cited as having been met or not met (see Table 7 ). Judges rarely made statements that the four Daubert criteria were or were not met.
A critical question to be answered about the effects of Daubert is whether or not the judgment criteria are associated with appellate admissibility when they are considered together. Logistic regression was used to assess the utility of the legal criteria used in the courts' judgments, the timing of the case, the type of the testimony, and the interaction between the timing and testimony type.
2 The timing of the case was coded as 1 for "before Daubert" and as 2 for "after Daubert." The category "before Daubert" was used as the reference category. Type of testimony (medical-mental health, technical, scientific, business) was dummy coded to create three dichotomous variables (medical/mental health, technical, and scientific testimony). The category of business testimony was used as the comparison condition because business testimony was admitted at the appellate level at the lowest rate and had the lowest ratings on a majority of the measurements.
3 The legal judgment criteria selected for entry in the models included the requirements specified in the Rules (relevance, qualifications, assisting the trier of fact, prejudicial impact) and the four Daubert criteria (general acceptance, peer review/ publication, falsifiability, and error rate), and general reliability. All judgment criteria were coded as 0 when not mentioned by the court and 1 when the court specifically stated that the criterion was met. On a separate variable, all judgment criteria were coded as 0 when not mentioned and 1 when the court specifically stated that the criterion was not met. The outcome variable was whether the evidence was admitted or excluded by the appellate court, which was coded as a "1" for "excluded" and as a "2" for "admitted." Therefore, a positive relationship between a predictor and the outcome variable indicates the predictor is related to admissibility, and a negative relationship between a predictor and the outcome 2 Models were tested including variables expressing the interaction between the timing of the case and the type of testimony (Timing ϫ Type), but these interactions never contributed significantly to the models. Therefore, they were removed from the analysis reported here.
3 Individual models for each of the types of testimony were also created by first entering the timing of the case and then entering the judgment criteria. Results were generally consistent with the full model. The timing of the case was not a significant predictor of admissibility for any type of expert. None of the Daubert criteria were significant predictors in any of the models. Some Federal Rules of Evidence were significant predictors of admissibility for medical (qualifications, relevance, assisting the trier of fact) and technical testimony (relevance, assisting the trier of fact, and prejudicial impact), but not for scientific testimony. No model for business testimony could be tested because courts did not use several of the judgment criteria when determining the admissibility of business experts. variable suggests that the predictor is related to exclusion. To create the full model, variables were entered stepwise. First, we investigated whether the timing of the case or the type of expert testimony presented was associated with appellate decisions to admit or exclude the evidence. A logistic regression analysis was performed on admissibility as outcome and the timing of the case (before and after Daubert) and the type of testimony (dummy coded with "business testimony" as the comparison condition) as predictors to determine if these factors are related to admissibility. A test of this model indicates that these predictors, as a set, reliably distinguish between admissible and inadmissible testimony, 2 (4, N ϭ 650) ϭ 56.13, p Ͻ .001, with an overall correct classification rate of 69.08%. In this model, technical expert testimony was the only reliable predictor of the admission decision, and technical expert testimony was positively related to admissibility (R ϭ .16, Wald ϭ 22.30, p Ͻ .001). That is, technical testimony was admitted at a significantly higher rate than business testimony. This result is consistent with the high rate of admission observed for technical testimony. Neither the timing of the case (R ϭ .00, Wald ϭ 0.21, p ϭ .644), medical/mental health testimony (R ϭ .00, Wald ϭ 0.34, p ϭ .560), nor scientific testimony significantly predicted admissibility.
Although it is interesting that the timing of the case relative to Daubert did not reliably distinguish between admissible and inadmissible testimony and that only technical testimony predicted admissibility, these legal decisions are not made in a lawless vacuum. Judges are bound by certain decision rules when presented with expert testimony. Therefore, the influence of the type of testimony and the timing of the case on admissibility may be affected by other factors. When considered together, we would like to determine if these factors are associated with admissibility, how judicial use of the judgment criteria changes over time, how the type of testimony proffered influences the criteria used to evaluate it, and whether the judgment criteria predict admissibility. A multivariate path model using logistic regression was developed to assess (a) the predictive utility of the legal criteria used in the courts' judgments, (b) the timing of the case, and (c) the type of the testimony on the decision to admit or exclude the expert evidence (see Figure 1) . Admissibility was used as the outcome variable. The timing of the case and the dummy coded testimony type variables were entered into the model first. Each of the judgment criteria was regressed onto the timing of the case and the type of testimony variables to determine their impact on the use of the judgment criteria. Then, the judgment criteria were entered into the model. A test of the full model indicates that the combination of all the predictors reliably distinguishes between admissible and inadmissible testimony, 2 (22, N ϭ 650) ϭ 509.78, p Ͻ .001, with an overall correct reclassification rate of 92.46%.
The full model addresses several issues. First, it examines whether different types of expert testimony are evaluated differently using the same judgment criteria and whether those criteria are used differently after Daubert. Scientific and technical expert testimony appear to be treated differently by appellate courts under the judgment criteria. Technical testimony is more likely to be viewed as helpful to the trier of fact (R ϭ .05, Wald ϭ 4.13, p ϭ .042), less likely not to assist the trier of fact (R ϭ Ϫ.14, Wald ϭ 15.25, p Ͻ .001), and is less likely to be found irrelevant (R ϭ Ϫ.09, Wald ϭ 6.44, p ϭ .011). These findings imply that courts find technical testimony, primarily that of police officers, to be relevant and helpful in criminal cases. However, courts were less likely to find that scientific testimony can assist the trier of fact (R ϭ Ϫ.06, Wald ϭ 5.68, p ϭ .017), were more likely to regard scientific testimony as potentially prejudicial (R ϭ .07, Wald ϭ 4.59, p ϭ .032), and were more likely to conclude that scientific evidence was reliable (R ϭ .11, Wald ϭ 8.43, p ϭ .004). Overall, these findings imply that although courts regard scientific expert testimony as reliable, it is also viewed as unhelpful and potentially prejudicial to jurors. These findings confirm that appellate courts follow the Daubert Court's mandates to scrutinize the reliability of scientific expert testimony. However, they do so without overtly applying the four Daubert criteria, as none of the four Daubert criteria were related to the type of expert testimony proffered. For cases decided after Daubert, courts were less likely to conclude that the expert testimony was generally accepted (R ϭ Ϫ.08, Wald ϭ 4.47, p ϭ .034) and were more likely to conclude that the content of the testimony was not peer reviewed (R ϭ .25, Wald ϭ 8.43, p ϭ .004). These findings are consistent with a decrease in the amount of discussion devoted to the criterion of general acceptance after Daubert. There were no other significant relationships between judgment criteria and the timing of the case or the type of testimony. Second, the model addressed whether admission of expert evidence can be predicted by the use of certain judgment criteria, by the type of expert testimony, or by the timing of the case relative to Daubert. Overall, several of the requirements of the Rules were reliably related to the admission or exclusion of expert evidence in criminal cases. When testimony is found to assist the trier of fact (R ϭ .10, Wald ϭ 9.82, p ϭ .002), is not regarded as prejudicial (R ϭ .18, Wald ϭ 26.92, p Ͻ .001), and/or when the expert is deemed qualified (R ϭ .10, Wald ϭ 10.73, p ϭ .001), it is likely that the expert testimony will be admitted. Conversely, expert testimony is likely to be excluded if the expert is deemed unqualified (R ϭ Ϫ.11, Wald ϭ 12.25, p ϭ .001), when the testimony is not regarded as helpful to the trier of fact (R ϭ Ϫ.25, Wald ϭ 52.99, p Ͻ .001), when it is deemed irrelevant (R ϭ Ϫ.19, Wald ϭ 32.25, p Ͻ .001), and/or when it is regarded as unreliable (R ϭ Ϫ.06, Wald ϭ 4.85, p ϭ .028). None of the other judgment criteria, including the four Daubert criteria, were significantly related to decisions to admit or exclude expert testimony in criminal cases at the appellate level.
Although neither testimony type nor timing of the case was significantly associated with admissibility when evaluated in the full model, whether the expert testimony was technical or scientific in nature did exert some indirect influence on the admission decision. Technical testimony was indirectly related to admissibility through two mediating variables, namely the extent to which the evidence was seen as helpful and the determination that the evidence was irrelevant. Scientific testimony was indirectly related to the admission decision through one mediating variable, namely that the testimony is not helpful to the trier of fact. However, the timing of the case was unrelated to the admission decision, either directly or indirectly-these patterns did not differ pre-versus post-Daubert.
Results indicating that testimony is excluded when it fails to conform to the standards elucidated in the Rules and is admitted when it conforms to them are hardly shocking. The more interesting finding is the striking absence of any significant relationships between the four Daubert criteria and decisions to admit or exclude expert evidence. Although courts may discuss these criteria and may indicate that the criteria are influential in the admission decision, they clearly are not driving admission decisions in criminal cases. The only tested variables strongly associated with the admission decision are the requirements of the Rules. It appears that judges rely faithfully on the Rules in determining whether to admit or exclude expert evidence.
Discussion and Conclusions
The Daubert decision and subsequent Supreme Court decisions on expert testimony created a flurry of scholarship predicting the effects of those landmark decisions. The purpose of this study was to assess the effects of these decisions on criminal appellate courts' treatment of expert evidence and on the admissibility of expert testimony. Given the importance of the Daubert decision, we expected to find increased discussion of the four Daubert criteria, increased importance attributed to the criteria, and some changes in admissibility as a result of Daubert following the Daubert decision. Unexpectedly, no change in the overall rate of admission for all types of expert evidence was observed. However, this finding is only the prelude to the story. Daubert called for increased scrutiny of expert evidence, and appellate courts appear to have answered that call. Many changes occurred in the way criminal appellate court judges evaluated evidence after Daubert and across different types of testimony.
Summary of Results
Overall, we observed some general trends and some effects of the Daubert decision in criminal appellate cases: Defendants generated the vast majority of criminal appeals. The experts who were the focus of a criminal appeal testified for the prosecution at trial. The majority of the experts testifying in these cases were experts on police procedures, and the vast majority of this expert testimony was admitted. It is hardly surprising that the majority of appeals in criminal trials are lodged by defendants who appeal the admission of a prosecution expert's evidence, given that the prosecution has a limited right to appeal a criminal conviction. It is also not surprising that police officers, who are integral to criminal prosecutions, frequently served as the prosecution experts.
A surprising result was the observed rates of admission of expert testimony in criminal cases before and after Daubert. One of the most pressing questions raised by the Daubert decision was its potential effect on the admissibility of expert evidence. However, the Daubert decision did not impact on the admission rates of expert testimony at either the trial or the appellate court levels. Some potential explanations for the rates of admission that we explored were the party offering the testimony, the type of counsel retained by the defendant, and the standard of review used by the appellate court. However, none of these factors provided a convincing explanation for this lack of a significant change in admissibility. Another surprising finding was that the standard of appellate review issued in Joiner did not change rates of admission of expert evidence. Although the appellate standard of review was related to appellate admissibility, cases using each of these standards were evenly spread across time. Plain error was associated with appellate admission because most cases were appealing the admission of a prosecution expert. Plain error is the applicable standard when the defendant failed to preserve admissibility as an issue for appeal, leaving the appellate court little choice other than to affirm the trial court's admission of the evidence. The abuse of discretion standard provides appellate courts with an opportunity for gatekeeping, which explains its association with exclusion of expert evidence.
Even though the expected change in expert testimony admissibility was not observed, other effects of the Daubert decision were observed. First, we observed several differences in the amount of discussion devoted to various topics relevant to expert testimony. Although this measure does not provide information about the content of that discussion, it does provide a reasonably objective measure of the level of attention paid to both the Federal Rules and to the four Daubert criteria. Overall, the various Federal Rules were accorded significant consideration by the courts in their opinions on admissibility. Most attention was devoted to Rule 702 (namely requiring assistance to the trier of fact and a qualified expert), which generated the lengthiest discussion. The Daubert Court requested increased scrutiny of expert evidence under Rule 702, and appellate courts complied with this request, as more discussion was devoted to this Rule after Daubert. However, the increase in the discussion of Rule 702 did not occur right away and appears to have reached a plateau after 44 months post-Daubert. A partial answer to whether judges are gatekeeping is provided by the results of measures of the number of words devoted to the discussion of Rule 104 (permitting pretrial determinations), which followed a similar pattern to that of Rule 702. The discussion of Rule 104 was more extensive after Daubert, did not occur immediately, and also leveled after 44 months post-Daubert. Courts may be attempting to dispose of expert testimony issues before trial under Rule 104, or there could be changes in the practices regarding the application of this Rule as a result of Daubert.
Changes over time were also observed in the amount of discussion devoted to Frye, Daubert, and the four Daubert criteria. The length of discussion devoted to general acceptance and to Frye decreased, as expected. These decreases were even more pronounced in jurisdictions adopting Daubert. Also, as expected, general discussion of Daubert increased. In addition, increased discussion of Daubert occurred immediately, but may have reached its maximum level. After increasing immediately, the increase appears to have reached a plateau after 22 months postDaubert. These increases over time may reflect courts' adjustment to the new standards. The Daubert decision in general was an obvious choice for discussion, so the attention paid to it by appellate courts increased immediately. As courts began applying Daubert, the Federal Rules of Evidence pertaining to expert evidence became more prominent, and more discussion of the Rules was generated as time passed. However, there was no comparable increase in the discussion of the four Daubert criteria in evaluating expert testimony. Discussion of Daubert was lengthy, but the discussion devoted to the three new criteria was relatively abbreviated. These findings suggest that judges understand the importance of the Daubert decision, but they pay only passing attention to the suggested criteria. Given the extremely low mean number of words discussing the four criteria, it is clear that judges briefly quote the Daubert opinion and infrequently devote substantive discussion to the criteria.
As for the content of the discussion in appellate court decisions on expert evidence, several effects were observed based on the importance ratings of the various topics, confirming the courts' reliance on the Rules over the four Daubert criteria. Overall, the Federal Rules requirements that the expert evidence assists the trier of fact, that the expert is qualified, that the evidence is relevant, and that the evidence is nonprejudicial were rated as the most important to determining admissibility. The four Daubert criteria were rated least important. Of the selected Federal Rules requirements, the importance of relevance decreased over time, while the potentially prejudicial impact of the testimony increased in importance, particularly in jurisdictions that adopted Daubert. The importance of both Frye and the general acceptance standard decreased overall, and both were less important in jurisdictions adopting Daubert. In addition, the importance of the remaining three Daubert criteria increased, namely falsifiability, peer review, and error rate. Judges' efforts to follow the Daubert guidelines may account for changes over time in the appellate courts' use of Rule 104, Rule 702, Frye, general acceptance, and Daubert.
Another finding that emerged in the content analysis of the courts' discussion of admissibility issues was that courts treated scientific expert evidence differently from medical-mental health, technical, or business evidence. On several of the measures, the discussion was longer and the importance of these measures was greater when the expert testimony was scientific in nature. For example, discussions of Rules 104 and 403 were more extensive for scientific experts. Discussions of Frye and general acceptance were both longer and more influential to the admissibility decision when the expert was scientific. Discussion of Daubert in general was also longer for scientific experts. Additionally, the error rate, falsifiability, and peer review were all more important for scientific experts. However, assisting the trier of fact was rated as the least important for determining the admissibility of scientific experts, while expert qualifications and the prejudicial impact of the evidence were most important for technical experts. The length and content of the discussion suggest that courts scrutinize scientific evidence more closely after Daubert or that the distinctive treatment of scientific evidence is attributable to the complex nature of that type of testimony. Courts may be more motivated to provide a more detailed explanation of the rationale for their reliability assessments and their admission decisions in cases involving scientific evidence.
Significant interactions between the timing of the case and the type of testimony offered further highlighted the differential treatment of scientific experts. Decreases in the length of the discussion devoted to general acceptance and in the importance of Frye were both disproportionately large for scientific testimony. The increases in the discussion of Daubert in general and in the importance ratings of criteria such as falsifiability, error rate, and peer review, were all disproportionately large for scientific testimony. This indicates not only that scientific testimony is treated differently by courts in general, but also that they may view the four Daubert criteria and the mandates of the Daubert opinion as applicable primarily to scientific evidence.
Finally, although the importance ratings of the various criteria provides information about how influential they are in appellate decision making, it does not provide information about the positive or negative nature of the courts' judgments about the evidence using these criteria nor how these evaluative judgments relate to admissibility. Investigating courts' evaluative judgments provides information about whether evidence is excluded because it fails to meet the four Daubert criteria. None of the four Daubert criteria reliably distinguished between admissible and inadmissible evidence when placed in a model with other possible judgment criteria. However, the requirements of the Rules reliably distinguished between admitted and excluded evidence in the model. Specifically, when relevance, assistance to the trier of fact, expert qualifications, and lack of prejudicial impact were judged to have been met, expert testimony was admitted. When these requirements were not met, evidence was excluded. Therefore, contrary to the Daubert Court's suggestion that the four criteria be used to evaluate expert testimony, judges are not applying the Daubert criteria to determine admissibility and are instead applying the Federal Rules of Evidence.
Implications of the impact of Daubert. Overall, it appears courts are attempting to follow the mandates of the Daubert decision. First, Daubert stated that Frye, as a standard for admissibility, was obsolete, and criminal courts appear to have followed this suggestion with respect to Frye and general acceptance. Attention paid to Frye and the general acceptance standard significantly decreased after Daubert, as demonstrated by the decrease in the extent to which these topics were discussed and in the importance ratings assigned to these topics. These decreases were more pronounced in jurisdictions adopting Daubert. Because Daubert permitted the continued use of general acceptance, this result is somewhat unexpected. Possibly, judges continue to use general acceptance to evaluate evidentiary reliability because they believe it is an important indicator of reliabil-ity (Gatowski et al., 2001) or because it was one of the four Daubert criteria. However, the decrease in discussion devoted to general acceptance and in its importance after Daubert may be because judges are less willing to discuss it in an opinion as a reason for admission due to its association with Frye.
Second, the Court said reliability of expert evidence should be assessed and suggested the four Daubert criteria as ways to accomplish this task. Although general discussion of Daubert occurred following this guidance, this discussion often did not include mention of falsifiability, peer review, or error rate. The four Daubert criteria themselves were rarely given more than a cursory mention in criminal appellate court opinions, as compared with general discussion of Daubert. These four criteria were rated as far less important than the Federal Rules requirements, and they were not related to admissibility. Scientific testimony was treated differently from medical/mental health, technical, and business testimony when criminal courts do apply Daubert. When evaluating a scientific expert, more attention was paid to Daubert, and the four Daubert criteria were rated as having more influence on the admission decision. Courts are more likely to apply the Daubert standards explicitly in cases involving scientific experts than in cases involving other fields of expert testimony.
Even though there are some effects observed with Daubert and scientific experts, we have observed that appellate courts devoted little discussion to the four Daubert criteria, that the Daubert criteria are not as influential in their admission decisions, and that the Daubert criteria do not predict appellate admissibility. One explanation for these results is that judges simply lack understanding of these criteria and of scientific reliability in general to apply them to their admission decision making. This explanation is consistent with results of a recent survey probing trial judges' understanding of the four Daubert criteria (Gatowski et al., 2001 ). The survey indicated that judges felt it was appropriate for them to act as evidentiary gatekeepers and that the four Daubert criteria created a useful decision-making framework for this role. Judges reported that they did understand the four Daubert criteria. However, the judges' actual understanding of some of the four Daubert criteria was very limited. Although the judges demonstrated an understanding of general acceptance and peer review, the vast majority of judges did not understand the meaning or correct application of error rate and falsifiability. This level of understanding did not vary significantly between Daubertadopting and nonadopting jurisdictions (Gatowski et al., 2001) .
Even though it was suggested that judges use the criteria in their decision making, it is clear that they are not using them as extensively as anticipated. The survey on judges provides some insight into why this might be. Poor comprehension of the four Daubert criteria and their application may account for the lack of appellate court attention to the four Daubert criteria. It is possible that judges would like to apply these criteria in their admission decision making, but they may lack the skill to do so. Therefore, they mention the criteria briefly, acknowledging that the criteria are useful and important, but do not apply the criteria to determine admissibility because they do not understand them fully or do not feel confident in basing their decisions solely on these poorly understood criteria.
There are several possible explanations for the finding that appellate courts apply the Daubert criteria most stringently in cases involving scientific expert evidence. Before Kumho, it was unclear whether the reliability analysis of expert evidence set forth in Daubert applied to nonscientific expert testimony. Although all the cases in this study were decided before Kumho, the trends observed indicate that scientific testimony was in fact treated differently from nonscientific testimony. It is possible that some judges took the valid pre-Kumho stance that the four Daubert criteria only apply to scientific experts and, therefore, only applied them in those cases. It is also possible that some judges thought that it was inappropriate or impossible to apply the four Daubert criteria to the admissibility decisions for all types of experts. Judges may have determined that the four Daubert criteria were only applicable to scientific experts. Although it would be consistent with Kumho for courts to continue to focus on the four Daubert criteria only when appropriate, perhaps only for scientific experts, it would be inconsistent with Kumho for courts to ignore reliability in general for nonscientific experts. Because the Daubert criteria were so infrequently applied before Kumho, it is possible that the four Daubert criteria will not even be applied to scientific experts after Kumho.
Third, the Daubert Court signaled a new focus on the Rules instead of on Frye to screen expert evidence. Daubert suggested that courts focus on the Rules as part of the gatekeeping duty. Courts appear to be following this suggestion, as several significant changes occurred in criminal appellate courts' use and application of the Rules. These results demonstrate that Rule 702 is the most important of the Federal Rules in determining admissibility, and it is discussed at greatest length, even more so after Daubert. However, several other Rules were important to admission decisions. Courts have paid increasing attention to Rule 104, permitting the pretrial assessment of evidence. The Rules requiring scrutiny of assisting the trier of fact, qualifications, relevance, and prejudicial impact are the most important factors in the admission decision. In fact, they are the only judgment criteria that reliably distinguish between admissible and inadmissible testimony, with Rule 702's requirements leading the charge.
Although at first glance it would appear that judges were not following Daubert, it is possible that they were trying to follow Daubert, not by their use of the four Daubert criteria, but by their application of the Rules. First, it is highly likely that judges have a thorough understanding of the meaning and the application of the Federal Rules to expert testimony admissibility, and they should be quite capable of gatekeeping with these Rules. Second, the Daubert opinion itself was a call for courts to renew focus on the Rules, instead of relying on Frye, and courts may have attempted to assess reliability through a more thorough application of Rule 702. This would be consistent with both the Daubert opinion and with the later amendment to Rule 702 that specifically requires courts to consider reliability as part of admissibility. Instead of assessing reliability by applying the four Daubert reliability criteria, courts may have been attempting to assess reliability with a more rigorous application of the Rules requirements.
If it is important in the proper execution of a reliability analysis of expert evidence that lower courts use the four Daubert criteria as indicia of reliability, then the intent of the Court has only been partially realized. If we assume that judges lack the understanding to accomplish this task successfully, then some additional solutions are indicated. The most obvious of these potential solutions is to continue to provide training for judges in scientific methods. However, if the Court placed an equal value on evaluation of reliability by the use of the four scientific criteria and on the evaluation of reliability by the Rules requirements, then appellate courts are complying with the intent of Daubert. Lower courts are trying to determine the reliability of expert evidence mainly by a rigorous application of the Rules. Additionally, reliance on the Federal Rules to assess the reliability may account for the lack of change in the rates of admission for expert evidence as a result of Daubert. The Rules requirements existed before Daubert, and judges were using them to evaluate the admissibility of expert evidence long before the Daubert decision was issued, reemphasizing these standards. Therefore, we would expect more attention being paid to the Rules requirements by the courts, which we do observe, but the ultimate decision to admit or exclude the testimony should be the same as before Daubert because the requirements on which the decision were based were the same as before Daubert, which we also observe. In the future, we might observe some change in admission rates as a result of Rule 702 being amended to include a reliability requirement, which is beyond the scope of this research.
The trends observed in this research have implications for both lawyers and experts. After Daubert, many lawyers and experts assumed they needed to present evidence about falsifiability, peer review, error rate, and general acceptance in order for the expert's testimony to be admitted. The findings in this study indicate that this course of action is advisable when the expert's testimony is scientific in nature. For most other experts, the presentation of information about the four Daubert criteria is probably unnecessary. The results of this research indicate that the most important information an expert must be prepared to present is that his or her testimony assists the trier of fact, is relevant, and is not prejudicial. In addition, experts should be more prepared to discuss their experience and education, rather than their own research, or a body of research, in order to be considered qualified.
Limitations of the foregoing research. As is true with all research and research methods, there are some limitations to this study, and we wish to highlight two. First, appellate opinions represent a subset of all cases brought to trial in which experts testify. Appellate courts do not review every trial court decision, only those cases that are appealed. Therefore, there is a selection bias in our database. The decision to appeal can be based on a variety of reasons unrelated to the quality of the expert testimony at issue, such as lack of funds to cover the cost of appeal or a perceived low probability of success on appeal. By examining only appellate court cases, our research excluded all of the decisions about expert testimony which were not appealed. These could include experts for whom admissibility is well settled and therefore not subject to appeal, and cases in which the decision to forgo any appeal bore no relationship to the admissibility of expert evidence.
The nature of appellate decision making must also be considered. Specifically, appellate courts apply a deferential standard of review in examining all of the trial court decisions, cases may be resolved at a higher level of abstraction in the appellate court than in the trial court, and issues raised may represent only what was contentious between the parties at the trial court. Daubert itself was directed toward judges at the trial court level. At the trial court level, it is possible that the four Daubert criteria were and are discussed extensively. That discussion, if it did occur, may not be reflected in the appellate court opinion. However, in the majority of these cases, an abuse of discretion standard was applied. The appellate court necessarily must discuss the actions taken by the trial court, including its application of Daubert. Therefore, it is likely that the degree of the use and application of the Rules and the four Daubert criteria at the appellate level is reflective of the extent to which those issues arose at the trial court level as well, at least for the cases that are appealed.
Use of appellate court cases as opposed to trial court cases most directly impacts the interpretation of the length of discussion measures used in this study. Differences observed over time may simply reflect issues that were the most contentious between the parties at the trial court level. If so, those issues might require more discussion or assume more prominence in the appellate opinion even if they would not be influential in other expert appeals. An additional confound on this measure includes the writing style of the individual judges, which could be quite brief or verbose. Results on the length of discussion measures should not be interpreted without regard to the content of the discussion, as reflected in the importance ratings and statements about criteria being met or not. However, results on the content ratings are generally consistent with the results on the length of discussion measures, indicating that these measures are at least in part reflective of the attention paid by appellate court judges to the various judgment criteria.
Notwithstanding these limitations, a study of appellate court decisions yields three notable benefits. First, appellate opinions are published to a much larger extent than are trial court opinions, providing us and the legal community with a more convenient sample. Second, appellate court opinions discuss the rulings of the trial court regarding expert testimony, providing information about both courts' approaches to the topic. Third, trial courts should follow the guidance of appellate courts, so appellate court opinions may offer better information about admissibility "trends" and problems in various district and circuit court jurisdictions.
A second overall limitation of these results is that they are only informative about criminal cases. Among the differences between criminal and civil cases are the types of claims made, the type of experts proffered by the parties, and the level of risk incurred by the parties. Daubert concerned the admissibility of expert testimony in a civil case. Therefore, it is possible that appellate courts evaluate expert testimony in civil cases in a very different manner from that observed in this study.
Future Directions and Conclusions
At the appellate court level, we were unable to detect any major changes in the admission of expert testimony as a result of the Daubert opinion. Nonetheless, judges are gatekeeping in their own way. This gatekeeping is not necessarily accomplished by applying the suggested four Daubert criteria, but is instead accomplished by increased and differential application of the Rules to different types of testimony. This result has implications regarding the usefulness of the four Daubert criteria. If judges lack a true understanding of the criteria, they will likely be applied only infrequently, as observed. The results also have important implications for reliability assessments in a post-Kumho world. Kumho required a reliability analysis for all types of expert evidence. Before Kumho, courts were clearly treating scientific evidence differently from other types of evidence. This pattern may change after Kumho, as more focus shifts to the reliability of nonscientific expert evidence. Kumho's recommendation that courts do not necessarily have to use the four Daubert criteria if they do not pertain to the type of expert evidence in issue may encourage judges to use these criteria even less than they already do. If this is the case, Kumho could signal the further demise of the four Daubert criteria in judicial decision making about expert testimony.
Because of the implications for admissibility after Kumho, future research should focus on the effects of Kumho on the admissibility of expert testimony. In addition to an investigation of appellate court decision making, future examinations of trial court decisions would provide direct information about trial court decision making. This would be informative for the effects of both Daubert and Kumho, and results could be compared with those obtained from appellate court opinions. Another area of future research suggested by the results of this study is on the effects of the amendment to Rule 702. Judges were already relying heavily on the requirements of Rule 702, and it will be important to investigate if they also rely heavily on the amendment adding a reliability requirement. These lines of research would provide a more complete picture of expert testimony admissibility.
